are at present examining the systems in detail. If these experiments prove to be reproducible we believe that they will provide strong evidence that activation of lysosomal enzymes is at least one mechanism by which malignant transformation can be achieved. It is worth noting that somatic mutations producing mosaicism have been obtained in Drosophila by treatment with neutral red and light (Buzzati-Traverso & Visconti di Modrone 1947), though the mechanism by which the result was achieved was not understood at the time.
The lysosome hypothesis of carcinogenesis must still be regarded as speculative, but it has already stimulated the development of new approaches to an old and difficult problem.
Dr J T Dingle (Strangeways Research Laboratory, Cambridge)
The Effect of Sugars on the Synthesis and Release of Lysosomal Enzymes
The rate of formation of the principal macromolecules of connective tissue depends not only on the synthetic activities of the cells, but also on the degree of enzymic degradation of the molecules. In skeletal tissues both synthesis and degradation may proceed simultaneously ; the net result depends upon the relative rates of these two processes. Disturbance of this dynamic balance may result in pathological changes, i.e. failure of lysosomal enzyme release may lead to defective remodelling processes, whilst excessive local resorption by lysosomal hydrolases, which has been suggested as the cause of tissue damage in arthritis (Dingle 1962 , Hamerman 1963 , may be due to increased lysosomal activity either alone or combined with partial failure in synthetic activities.
Although our knowledge of some of the functions of lysosomes in skeletal tissues is becoming clearer (for reviews see Fell 1964 , Dingle 1966 , little is known of the factors that control lysosomal activity. Recent work at the Strangeways Laboratory has focused on this problem; the stimulation of lysosomal activity by certain sugars is one of the means at present being used to study the control of lysosomal function.
It has been known for some years that the injection of sucrose into animals damages the kidney and liver and produces intense cytoplasmic vacuolation (Wilmer 1944 , Brewer & Heath 1963 . Recently Wattiaux et al. (1964) have shown that in rat liver sucrose also causes an increase in the size and fragility of the lysosomes. Studies on the lysosomal system of bone rudiments in culture show that the vacuolation caused by such sugars as sucrose, sorbitol and mannitol is associated with a large rise in the extracellular release of lysosomal acid protease and acid phosphatase ). In the absence of these sugars, limb-bone rudiments from 8-day chick embryos, grown for eight days in synthetic medium, liberate a total acid protease activity of 20 ,ug tyrosine/hour/bone; paired rudiments from the same embryos grown under the same conditions, but in the presence of 008M sucrose, release 160 jig tyrosine/hour/bone. The total synthesis of enzyme (enzyme secreted into the medium+enzyme activity of the rudiment at the end of the experiment) is increased fourfold by the sugar. The bony shafts of 13-day embryos respond in a similar manner.
The effect of sucrose in stimulating lysosomal activity is apparent at 0 01M and is dosedependent up to 0-08M; above this level the sugar becomes increasingly ineffective. No evidence could be found for any metabolism of the sugar; after eight days in culture in the absence of glucose both the uptake of sucrose (which in the presence of glucose increases to 120 tig/bone after eight days) and the release of acid protease was similar to that of paired controls and both control and sucrose-treated explants were largely necrotic. Glucose (0-08M) did not stimulate lysosomal activity in organ cultures.
Histological observations lead us to think that the release of lysosomal enzymes is associated with the intense vacuolation of the connective tissue capsule and the peripheral chondrocytes; loss of intercellular material only occurs in this region in sucrose-treated rudiments, and no vacuolation or loss of metachromasia is seen deeper within the cartilage. The release of hydrolases is not associated with cell necrosis, indeed the rudiments grow well in the presence of the sugar.
The mechanism of vacuolation is being investigated in cell cultures in collaboration with Mr R Munro and Mrs E Nyberg. A time-lapse film of Chinese hamster fibroblasts treated (in cultures) with sucrose, indicates that the initial effect of the sugar is to increase the rate of pinocytosis. Almost all the mono-, di-and trisaccharides tested cause the initial vacuolation, but it seems likely that this is only transitory in cells treated with sugars, such as glucose, that can be metabolized. The physicochemical mechanism whereby almost any uncharged sugar can cause this stimulation is completely obscure. The persistence of vacuoles in the cell may be due to a lack of cellular enzymes able to hydrolyse these compounds, whilst the cell may be unable to dehydrate the vacuoles owing to the hypertonicity of their contents.
Preliminary electron microscopic observations of control and sucrose-treated rudiments have been made in collaboration with Miss Audrey Glauert and Dame Honor Fell. Vacuoles are only observed in the hypertrophic chondrocytes of control 8-day limb-bone rudiments, but after two days' growth in the presence of008M sucrose the fibroblasts of the connective tissue capsule and the peripheral chondrocytes, osteoblasts and osteocytes are distended with large vacuoles. The vacuoles in the chondrocytes are of at least two types: those of type 1 contain material very similar in appearance to extracellular matrix, whilst those of type 2 contain many small vesicles and membrane-bound, electron-dense bodies. Occasionally small vesicles, apparently derived from rough endoplasmic reticulum, are present in the large vacuoles. The sucrose-treated cells contain many cytolysomes in various stages of formation and in some cells large pinocytotic channels are observed. There is some evidence of hypertrophy of the Golgi region, but otherwise the cytoplasmic organelles appear normal. These observations are preliminary and a full interpretation must await completion of our studies.
It seems possible that lysosomal enzymes may be secreted into these vacuoles and that this 'loss' of enzymes from the cell cytoplasm may lead in some unexplained manner to a compensatory synthesis. The mechanism whereby the enzymes are released to the outside of the cell is also unknown, though it is tempting to imagine that some form of reverse pinocytosis may occur. The rather unexpected appearance of matrix-like material within some of the vacuoles is of interest. It may be that this is extracellular material which has been partially solubilized by released hydrolases and then ingested with the sucrose. This polymeric material may then be further digested within the vacuoles; it is hoped that future experiments will indicate whether this postulated two-stage digestive process takes place in the cell.
In the experiments outlined above sucrose has been used as a tool to stimulate a certain type of lysosomal response. It seems possible, however, that some compounds of more physiological significance may act in a similar manner. If this type of lysosomal stimulus were to occur concurrently with a weak pathological reaction, for example of an antigen-antibody type, the effect on extracellular material might be drastic. Aspects of the physiology and pathology of lysosomes are illustrated by their involvement in immunological phenomena. Without implying causal association, these events may be discussed in terms of whether the evidence for lysosomal participation is decisive or circumstantial (Table 1) .
